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CENTRIFUGAL COMPRESSION REFRIGERANT 
COMPOSITIONS 

5 

This invention relates to refrigerant compositions. More particularly, it 
relates to refrigerant compositions which can be used in place of R12 in a 
compression refrigeration system employing a centrifugal compressor. 

R12 (CC1 2 F 2 ) has been used for many years as a refrigerant composition. 
1 0 However, in view of concerns over the use of CFC gases various attempts have been 
made to reduce or eliminate its use. In other words, ways have been sought to 
replace R12 by formulations which are not damaging to the environment. 

One hydrocarbon which has been used with some success instead of R12 is 
tetrafluoroethane (R134). This is because it has a similar pressure-temperature 
1 5 relationship and refrigerating effect to that of R12. Indeed in positive displacement 
compressors Rl 34 is a good substitute for Rl 2. 

Unfortunately, it is not satisfactory to use R134 instead of R12 in systems 
involving the use of a centrifugal compressor. This is because an additional 
constraint is placed on the refrigerant in that, as well as having similar 
20 thermodynamic properties, it must also have similar vapour density properties. 

Roughly, vapour densities are related to the molecular weight. The molecular weight 
of R12 is 121 whereas the molecular weight of R134 is only 102. This difference 
would require the dimensions of the impellor used in the centrifugal compressor 
system to be altered as well as its speed. Clearly there is a need for a composition 
25 which can be used in an existing system without modification. 

A further complication in the use of refrigerants using a centrifugal 
compressor resides in the fact that a centrifugal compressor uses a "flooded" 
evaporator i.e. some refrigerant liquid remains throughout the cooling cycle. As a 
result, the formulation of the liquid composition included in the system generally 
30 differs from the formulation of the vapour circulating in the system. 

The object of the present invention is to provide a refrigerant composition 
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which can be used in systems employing a centrifugal compressor without the need 
to modify the impellor dimensions or its speed. Clearly there is a need for a 
composition which can be used in an existing system without modification. 

According to the present invention it has surprisingly been found that certain 
5 liquid formulations of R134 and R227 (heptafluoropropane) behave well as 

replacements for R12 in centrifugal compression refrigerating systems. According to 
the present invention there is provided a liquid refrigerant composition which 
comprises at least 35% by weight of tetrafluoroethane and at least 20% by weight of 
heptafluoropropane such that the concentration of tetrafluoroethane and 
1 0 heptafluoropropane is at least 90% by weight of the composition. 

Tetrafluoroethane exists in two forms, namely the symmetrical 1,1,2,2- 
tetrafluoroethane and 1,1,1,2-tetrafluoroethane known as R134a. The latter is 
preferred for use in the present invention. 

Likewise heptafluoropropane exists in two isomeric forms, namely 
15 1,1,1 ,2,3,3 ,3-heptafluoropropane, known as R227ea which is preferred, and 
1,1,1,2,2,3,3-heptafluoropropane, known as R227ca. 

As indicated above the formulation in the vapour phase will differ from that 
in the liquid phase. It has been found that formulations comprising 20 to 52% by 
weight of R227 and, correspondingly, 80 to 48% of R134a will provide formulations 
20 which will behave in the vapour phase in a manner similar to that of R12 with a 

variation of + or - 10%. 

The preferred compositions of the present invention consist essentially of 
R134 and R227 (i.e. they are binary compositions), especially R134a and R227ea, 
but small amounts of a third component can be included. Any additional component 

25 i.e. third or higher component can be present in an amount up to 1 0% weight, 
preferably up to 5%, and more preferably up to 2%, by weight of the 
composition. If more than one additional component is used then the total 
amount of these components is not more than 10% by weight. Since a principal aim 
of the formulation is to increase the overall molecular weight and thereby increase 

30 the vapour density, it is more usual to replace some of the R134a than replace some 
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of the R227. Possible additional components include C318 (octafluorocyclobutane), 
R218 (octafluoropropane) and R125 (pentafluoroethane). The concentration of R134 
is generally 80 to 35%, preferably 70 to 45% and more preferably 50 to 60%, by 
weight. The concentration of R227 is generally 20 to 65%, preferably 30 to 55% and 

5 especially 40 to 50%, by weight A particularly preferred formulation consists of 
52.5% of R134a and 47.5% of R227ea. This preferred formulation is based on the 
assumption that one needs to obtain a formulation which has an overall molecular 
weight corresponding to that of R12 i.e. 121. This is achieved with a vapour 
formulation of about 60% R134a and 40% R227ea. 

10 However, as indicated above, molecular weight alone does not give a 

complete picture of how a formulation will behave in the vapour phase. It is also 
necessary for it to have the correct vapour density and vapour pressure 
characteristics. 

Other preferred formulations have been found which attempt to take this into 
15 account; these contain less than or equal to 45% by weight of R227, especially 30 to 
40, 42.5 or 45%, preferably 35 to 42.5 or 45% or 35 to 40%, by weight, the 
remainder being R134. A particularly preferred formulation comprises about 63.3% 
by weight of R134a and about 36.7% by weight of R227ea. These formulations are 
cheaper to make because R227ea is more expensive than R134a. 
20 The present invention also provides a method of refrigerating a body which 

comprises placing the object in the vicinity of a refrigeration system which employs 
a centrifugal compressor wherein the liquid refrigerant supplied to me compressor is 
a composition of the present invention, and a refrigeration system incorporating a 
centrifugal compressor wherein the liquid in the compressor is a composition of the 

25 present invention. 

The following Examples further illustrate the present invention:- 



WO 02/24829 PCT/GB00/03596 

- 4 - 



Blend 



Example 1 



Composition / % w/w 
R134a I R227ea 



52.5 



47.5 



Comments 



Liqu id phase composition 

Co-existing vapour phase of Exai 



Example 2 



60.0 



Example 3 



63.3 



40.0 
36.7 



iple 1. 



Example 4 



68.0 



32.0 



Liqui d phase composition 

Co-existing vapour phase of Example 3 



Saturated Liquid Vapour Pressure Comparison 



Temperature 


Pressure / bar 


°C 


R12 


Example 1 


Example 2 


Example 3 


Example 4 


-20 


1.510 


1.306 


1.359 


1.282 


1.292 


-10 


2.193 


1.922 


1.997 


1.940 


1.954 


0 


3.089 


2.749 


2.853 


2.832 . 


2.852 


10 


4.236 


3.833 


3.974 


4.010 


4.038 


20 


5.674 


5.226 


5.413 


5.528 


5.566 


30 


7.446 


6.980 


7.224 


7.442 


7.493 


40 


9.594 


9.152 


9.465 


9.813 


9.882 



Comparison of Vapour Density. 



Temperature 


Vapour Density 1 kg/m J 


°C 


R12 


Example 2 


Example 4: 


-10 


12.92 


11.35 


11.14 


0 


17.87 


16.35 


16.04 


10 


24.18 


22.98 


22.52 


20 


32.13 


31.62 


30.97 


30 


42.07 


42.81 


41.90 


40 


54.42 


57.23 


55.99 



Refrigeration Performance 



Temperature 


R12 


Example 2 




°C 


Capacity/kW 


COP 


Capacity/kW- 


COP 


-25 


0.535 


1.702 


0.520 


1.837 


-20 


0.734 


1.983 


0.704 


2.101 


-15 


0.981 


2.322 


0.934 


2.428 


-10 


1.274 


2.718 


1.210 


2.817 


-5 


1.615 


3.170 


1.533 


3.269 


0 


2.003 


3.680 


1.903 


3.784 


5 


2.437 


4.247 


2.318 


4.361 



SUBSTITUTE SHEET (RULE 26) 
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As can be seen, the formulations of Examples 2 and 4 give particularly good vapour 
pressure and vapour density values which are comparable to, or even better than, 
those of R12, especially at 30°C to 40°C which are generally the most important as 
these are the usual condensing temperatures. 



WO 02/24829 PCT7GB00/03596 

-6- 

CLAIMS 

1 . A liquid refrigerant composition which comprises at least 35% by 
weight of tetrafluoroethane and at least 20% by weight of heptafluoropropane such 
that the sum of the concentrations of heptafluoroethane and heptafluoropropane is at 

5 least 90% by weight of the composition. 

2. A composition according to claim 1 which consists essentially of 
tetrafluoroethane and heptafluoropropane. 

3. A composition according to claim 1 or 2 wherein the tetrafluoroethane 
is 1,1,1,2-tetrafluoroethane. 

10 4. A composition according to claim 1 wherein the heptafluoropropane 

is 1,1,1,2,3,3,3-heptafluoropropane. 

5. A composition according to claim 1 which consists essentially of 80 
to 35% by weight of tetrafluoroethane and 20 to 65% by weight of 
heptafluoropropane. 

1 5 6. A composition according to claim 5 which consists essentially of 70 

to 45% by weight of tetrafluoroethane and 30 to 55% by weight of 
heptafluoropropane. 

7. A composition according to claim 6 which consists essentially of 60 
to 50% by weight of tetrafluoroethane and 40 to 50% by weight of 

20 heptafluoropropane. 

8. A composition according to claim 1 which consists essentially of 
about 52.5% by weight of tetrafluoroethane and about 47.5% by weight of 
heptafluoropropane. 

9. A composition according to claim 6 which comprises less than 45% 

25 by weight of heptafluoropropane. 

1 0. A composition according to claim 9 which consists essentially of 3 5 
to 45% by weight of heptafluoropropane. 

11. A composition according to claim 9 which consists essentially of 35 
to 40% by weight of heptafluoropropane. 

30 12. A refrigeration system incorporating a centrifugal compressor wherein 
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the liquid in the compressor is a composition as claimed in claim 1. 

13. A method of refrigerating a body which comprises placing the object 
in the vicinity of a refrigeration system which employs a centrifugal compressor 
wherein the liquid refrigerant supplied to the compressor is a composition as claimed 
5 in claim 1. 
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